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DETAILED ACTION 

1 . This action is in response to the original filing of December 9, 2003. Claims 1-1 1 
are pending and have been considered below. 



Drawings 

2. The drawings are objected to because Figure 1, item 105, 110, and 120 are 
needed to correct because unit 110 and 120 are obtaining the order constraint graph 
stored in the unit 105, the arrows must pointed to the other direction instead. Corrected 
drawing sheets in compliance with 37 CFR 1.121(d) are required in reply to the Office 
action to avoid abandonment of the application. Any amended replacement drawing 
sheet should include all of the figures appearing on the immediate prior version of the 
sheet, even if only one figure is being amended. The figure or figure number of an 
amended drawing should not be labeled as "amended." If a drawing figure is to be 
canceled, the appropriate figure must be removed from the replacement sheet, and 
where necessary, the remaining figures must be renumbered and appropriate changes 
made to the brief description of the several views of the drawings for consistency. 
Additional replacement sheets may be necessary to show the renumbering of the 
remaining figures. Each drawing sheet submitted after the filing date of an application 
must be labeled in the top margin as either "Replacement Sheet" or "New Sheet" 
pursuant to 37 CFR 1.121(d). If the changes are not accepted by the examiner, the 
applicant will be notified and informed of any required corrective action in the next Office 
action. The objection to the drawings will not be held in abeyance. 
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Figures 3-5, and 7 should be designated by a legend such as -Prior Art- 
because only that which is old is illustrated. See MPEP § 608.02(g). Corrected 
drawings in compliance with 37 CFR 1.121(d) are required in reply to the Office action 
to avoid abandonment of the application. The replacement sheet(s) should be labeled 
"Replacement Sheet" in the page header (as per 37 CFR 1 .84(c)) so as not to obstruct 
any portion of the drawing figures. If the changes are not accepted by the examiner, the 
applicant will be notified and informed of any required corrective action in the next Office 
action. The objection to the drawings will not be held in abeyance. 

Specification 

3. The abstract of the disclosure is objected to because it contains more than 150 
words. Correction is required. See MPEP § 608.01(b). 

Claim Rejections • 35 USC § 101 

4. 35 U.S.C. 101 reads as follows: 

Whoever invents or discovers any new and useful process, machine, manufacture, or composition of 
matter, or any new and useful improvement thereof, may obtain a patent therefor, subject to the 
conditions and requirements of this title. 

Claims 7- 9 are rejected under 35 U.S.C. 101 because the claimed invention is 
directed to non-statutory subject matter. Claim 1 is non-statutory because the language 
of this claim is directed to software, per se, lacking of storage on a medium, which 
enables any underlying functionality to occur. Claims 8-9 are directly dependent on 
claim 1 , and therefore, are rejected under the same reason set for in claim 1 . 
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Claim Rejections - 35 USC § 102 

5. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale In this country, more than one year prior to the date of application for patent in the United 
States. 

6. Claims 1-11 are rejected under 35 U.S.C. 102(b) as being anticipated by 
R.Govindarajan, H Yang, J. N. Amaral, C Zhang, and G. R. Gao, "Minimum Register 
Instruction Sequence Problem: Revisiting Optimal Code Generation for DAGs", April 
2001. 

Claim 1: R.Govindarajan, H Yang, J. N. Amaral, C Zhang, and G. R. Gao 
disclose a compiler that optimizes a program to be compiled by changing the execution 
order of instructions in the program, the compiler comprises: 

a. an order constraint information obtaining unit that obtains order constraint 
information indicating order constraints defined among a plurality of instructions in the 
program ("a data dependence graph" see page 2, Col 1, paragraph 8, under "Motivating 
Example"), the order constraints defining the order in which the instructions should be 
executed; 

b. an order determination unit that sequentially determines the execution order 
for each of the plurality of instructions based on the order constraint information (see 
page 2, Figure 1(c), under "Motivating Example"); 
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c. an unit for analyzing the number of registers that analyzes the number of 
required registers, which is the number of registers that will be required when the 
instructions are executed ("minimum register requirement is three", see page 2, Col 2, 
paragraph 1, under "Motivating Example"); 

d. an instruction detection unit that detects a combination of two instructions 
("instructions b and e", see page 3, under "Overview of Our Approach", Figure 2(b)), in 
which one instruction is a determined order instruction ("The definition of the lineage 
L1={a, b, f, h} has been created. Therefore, b is determined order instruction" see page 
3, under "Overview of Our Approach") for which the execution order has been 
determined by the order determination unit the other instruction is an undetermined 
order instruction ("the definition of the lineage LI = {a, b, f, h} does not include e, and 
therefore e is undetermined order instruction", see page 3, under "Overview of Our 
Approach", Figure 2(a)) for which the execution order has not been determined by the 
order determination unit and the order constraint information does not include a 
constraint that the one instruction should be executed before the other instruction 
("there is no constraint order between instructions b and e", see page 3, Figure 1(a), 
under "Overview of Our Approach"); and 

e. an order determination reprocessing unit that, when the number of required 
registers exceeds a predetermined number ("in according to the Figure 2(b), the number 
of required registers allocate for storing the results of instructions a, c, d, and e as one, 
two, three, and four, respectively. Therefore, three is a predetermined number of 
registers has been exceeded", see page 3, Figure 1(b), under "Overview of Our 
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Approach"), changes the state of the one instruction into the state in which the 
execution order has not been determined ("instruction e is undetermined order 
instruction") and causes the executed next to the other instruction ("There is an order 
constraint goes from instruction e to instruction b", see page 3, Figure 2(b), under 
"Overview of Our Approach"). 

Claim 2: R.Govindarajan, H Yang, J. N. Amaral, C Zhang, and G. R. Gao 
disclose the compiler as in claim 1 above, and further disclose the instruction detection 
unit detects an instruction that releases a register as the other instruction ("in according 
to Figure 2(b), instruction g performs processing using the results of the instruction e 
and stores the processing result in the register that has been storing the result of e. 
Therefore, it releases a register, see page 3, Figure 2(b), under "Overview of Our 
Approach"), and an instruction that requires a new register allocated to it as the one 
instruction ("in according to Figure 2(b), instruction a requires a new register allocated to 
it for storing the result", see page 3, Figure 2(b), under "Overview of Our Approach"). 

Claim 3: R.Govindarajan, H Yang, J. N. Amaral, C Zhang, and G. R. Gao 
disclose the compiler as in claim 1 above, and further disclose the instruction detection 
unit detects an instruction that releases a register as the other instruction ("in according 
to Figure 2(b), instruction g releases register, see page 3, Figure 2(b), under "Overview 
of Our Approach"), and an instruction to be executed before a determined order 
Instruction that requires a new register allocated to it as the on instruction ("the definition 
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of lineage L1={a, b, f, does not include instruction e, and therefore, instruction e Is 
undetermined order instruction. In according to Figure 2(b), there is a order constraint 
goes from instruction e to instruction b, and therefore, e is executed before to b" see 
page 3, under "Overview of Our Approach", Figure 2(b), and "instruction e is required a 
new register allocated to it for storing its result"), and changes the state of all 
instructions to be executed after the determined order instruction in the order constraint 
information into the state in which the execution order has not been determined ("the 
execution order for instruction e has not been determined" see page 3, Figure 2(b), 
under "Overview of Our Approach"). 

Claim 4: R.Govindarajan, H Yang, J. N. Amaral, C Zhang, and G. R. Gao 
disclose the compiler as in claim 1 above, and further disclose a plurality of 
combinations of the one instructions and the other instruction are detected by the 
instruction detection unit ("L1=(a, b, f. h), L2=(c, f), L3=(e, g, h), L4=(d, g)", see page 3, 
Figure 2(c), under "Overview of Our Approach"), the order determination reprocessing 
unit selects from the plurality of combinations a combination that minimizes the sum of 
the depth of order constraint from a start point of the program to the other instruction 
and the depth of order constraint from the one instruction to an end point of the program 
("we choose a descendent node with the smallest height (depth)", see page 4, 
paragraph 1), the order determination reprocessing unit causes the order determination 
unit to determine the execution order using the other instruction and the one instruction 
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included in the selected combination (T4={d, g}, in this case, d is one instruction and g 
is other instruction", see page 3, Figure 2(c), under "Overview of Our Approach") 

Claim 5: R.Govindarajan, H Yang, J. N. Amaral, C Zhang, and G. R. Gao 
disclose the compiler as in claim 1 above, and further disclose when the number of 
required registers exceeds the predetermined number ("in according to the Figure 2(b), 
the number of required registers allocate for storing the results of instructions a, c, d, 
and e as one, two, three, and four, respectively. Therefore, three is a predetermined 
number of registers has been exceeded", see page 3, Figure 2(b), under "Overview of 
Our Approach"), the order determination reprocessing unit adds an order constraint that 
the determined order instruction should be executed next to the undetermined order 
instruction to the order constraint information ("There is an order constraint goes from 
instruction e, which is undetermined order instruction, to instruction b, which is 
determined order instruction." see page 3, Figure 2(b), under "Overview of Our 
Approach"), and thereby causes the order determination unit to determine the execution 
order so that the determined order instruction is executed next to the undetermined 
order instruction ("In according to Figure 2(b), instruction e is executed next to 
instruction b", see page 2, Figure 2(b), under "Overview of Our Approach"). 

Claim 6: R.Govindarajan, H Yang, J. N. Amaral, C Zhang, and G. R. Gao 
disclose the compiler as in claim 5 above, and further disclose the order constraint 
information obtaining unit obtains, as the order constraint information ("a data 
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dependence graph with instruction sequences" see page 2, under "Motivating 
Example"), an order constraint graph that represents each instruction in the program as 
a node and order constraint under which a plurality of instructions should be executed 
as directed edges ("DDG graph" see page 2, Figure 1(a), under "Motivating Example"), 
the order determination unit determines the execution order based on the order 
constraint graph so that an instruction represented by a start node of a directed edge is 
executed before an instruction represented by an end node of the directed edge ("two 
possible instruction sequences for DDG graph", see page 2, Figure 1(b-c), under 
"Motivating Example"), the instruction detection unit detects that the order constraint 
information does not include an order constraint that the one instruction should be 
executed before the other instruction by detecting a combination of two instructions in 
which a node representing the one instruction cannot reach a node representing the 
other instruction on the order constraint graph ("In according to Figure 2(a), node e 
cannot reach node b on the order constraint graph", see page 3, Figure 2(a), under 
"Overview of Our Approach"), and the order determination reprocessing unit adds an 
order constraint that the other instruction should be executed next to the one 
instructions to the order constraint information by generating a directed edge from the 
node representing the undetermined order instruction to the node representing the other 
instruction ("In according to Figure 2(b), after the definition of lineage L1={a, b, f, h} has 
been created, there is an order constraint goes from node e to node b" see page 3, 
Figure 2(b), under "Overview of Our Approach"). 



Application/Control Number: 10/731,839 Page 10 

Art Unit: 2193 

Claim 7: R.Govindarajan, H Yang, J. N. Amaral, C Zhang, and G. R. Gao 
disclose a compiler program for causing a computer to function as a compiler that 
optimizes a program to be compiled by changing the execution order of instructions in 
the program, wherein the compiler program causes the computer to function as: 

a. an order constraint information obtaining unit that obtains order constraint 
information indicating order constraints defined among a plurality of instructions in the 
program (see page 2, Figure 1 , under "Motivating Example"), the order constraints 
defining the order in which the instructions should be executed; 

b. an order determination unit that sequentially determines the execution order 
for each of the plurality of instructions based on the order constraint information (see 
page 2, Figure 1(c), under "Motivating Example"); 

c. an unit for analyzing the number of registers that analyzes the number of 
required riegisters, which is the number of registers that will be required when the 
instructions are executed ("minimum register requirement is three", see page 2, Col 2, 
paragraph 1 , under "Motivating Example"); 

d. an instruction detection unit that detects a combination of two instructions 
("instructions b and e", see page 3, Figure 2(b), under "Overview of Our Approach"), in 
which one instruction is a detemiined order Instruction ("The definition of the lineage 
L1={a, b, f, h} has been created. Therefore, b is determined order instruction" see page 
3, under "Overview of Our Approach") for which the execution order has been 
determined by the order determination unit the other instruction is an undetermined 
order instruction ("the definition of the lineage LI = {a. b, f, h} does not include e, and 



Application/Control Number: 10/731,839 Page 1 1 

Art Unit: 2193 

therefore e is undetermined order instruction", see page 3, Figure 2(a), under "Overview 
of Our Approacli") for which the execution order has not been determined by the order 
detemriination unit and the order constraint information does not include a constraint that 
the one instruction should be executed before the other instruction ("there is no 
constraint order between instructions b and e", see page 3, Figure 1(a), under 
"Overview of Our Approach"); and 

e. an order determination reprocessing unit that, when the number of required 
registers exceeds a predetermined number ("in according to the Figure 2(b), the number 
of required registers allocate for storing the results of instructions a, c, d, and e as one, 
two, three, and four, respectively. Therefore, three is a predetermined number of 
registers has been exceeded", see page 3, Figure 2(b), under "Overview, of Our 
Approach"), changes the state of the one instruction into the state in which the 
execution order has not been determined ("instruction e is undetemriined order 
instruction") and causes the executed next to the other instruction ("There is an order 
constraint goes from instruction e to instruction b", see page 3, Figure 2(b), under 
"Overview of Our Approach"). 

Claim 8: R.Govindarajan, H Yang, J. N. Amaral, C Zhang, and G. R. Gao 
disclose the compiler program as in claim 7 above, and further disclose the instruction 
detection unit detects an instruction that releases a register as the other instruction ("in 
according to Figure 2(b), instruction g performs processing using the results of the 
instruction e and stores the processing result in the register that has been storing the 
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result of e. Therefore, it releases a register, see page 3, under "Overview of Our 
Approach". Figure 2(b)). and an instruction that requires a new register allocated to it as 
the one instruction fin according to Figure 2(b). instruction a requires a new register 
allocated to it for storing the result", see page 3, under "Overview of Our Approach", 
Figure 2(b)). 

Claim 9: R.Govindarajan. H Yang, J. N. Amaral. C Zhang, and G. R. Gao 
disclose the compiler program as in claim 7 above, and further disclose when the 
number of required registers exceeds the predetermined number ("in according to the 
Figure 2(b), the number of required registers allocate for storing the results of 
instructions a, c. d. and e as one, two, three, and four, respectively. Therefore, three is 
a predetermined number of registers has been exceeded", see page 3, under "Overview 
of Our Approach", Figure 2(b)), the order determination reprocessing unit adds an order 
constraint that the determined order instruction should be executed next to the 
undetermined order instruction to the order constraint information ("There is an order 
constraint goes from instruction e. which is undetermined order instruction, to instruction 
b, which is determined order instruction." see page 3, under "Overview of Our 
Approach", Figure 2(b)), and thereby causes the order determination unit to determine 
the execution order so that the determined order instruction is executed next to the 
undetermined order instruction ("In according to Figure 2(b), instruction e is executed 
next to instruction b", see page 2, under "Overview of Our Approach", Figure 2(b)). 
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Claim 10: A recording medium with the compiler program according to claim 7 
recorded on it. It recites the limitations as recited in claim 7 above, and therefore, has 
been addressed in connection with the rejection of claim 7 above. 

Claim 1 1 : a compiling method for optimizing a program to be compiled by 
changing the execution order of instructions in the program with a computer, the method 
comprising: 

a. obtaining order constraint information indicating order constraints defined 
among a plurality of instructions in the program ("a data dependence graph" see page 2, 
Col 1, paragraph 8, under "Motivating Example"), the order constraints defining the 
order in which the instructions should be executed; 

b. sequentially detemiining the execution order for each of the plurality of 
instructions based on the order constraint information (see page 2, under "Motivating 
Example", Figure i(c)); 

c. analyzing the number of registers that analyzes the number of required 
registers, which is the number of registers that will be required when the instructions are 
executed ("minimum register requirement is three", see page 2, Col 2, paragraph 1, 
under "Motivating Example"); 

d. detecting a combination of two instructions ("instructions b and e", see page 3, 
under "Overview of Our Approach", Figure 2(b)), in which one instruction is a 
determined order instruction ("The definition of the lineage L1={a, b, f, h} has been 
created. Therefore, b is determined order instruction" see page 3, under "Overview of 
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Our Approach") for which the execution order has been determined by the order 
determination unit the other instruction is an undetermined order instruction ("the 
definition of the lineage L1 = {a, b, f, h} does not include e, and therefore e is 
undetermined order instruction", see page 3, under "Overview of Our Approach", Figure 
2(a)) for which the execution order has not been determined by the order determination 
unit and the order constraint information does not include a constraint that the one 
instruction should be executed before the other instruction ("there is no constraint order 
between instructions b and e", see page 3, under "Overview of Our Approach", Figure 
1(a)); and 

e. when the number of required registers exceeds a predetermined number ("in 
according to the Figure 2(b), the number of required registers allocate for storing the 
results of instructions a, c, d, and e as one, two, three, and four, respectively. 
Therefore, three is a predetermined number of registers has been exceeded", see page 
3, under "Overview of Our Approach", Figure 2(b)), changes the state of the one 
instruction into the state in which the execution order has not been determined 
("instruction e is undetermined order instruction") and causes the executed next to the 
other instruction ("There is an order constraint goes from instruction e to instruction b", 
see page 3, under "Overview of Our Approach", Figure 2(b)). 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Phillip H. Nguyen whose telephone number is (571) 
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270-1070. The examiner can nomnally be reached on Monday - Friday 10:00 AM - 3:00 
PM EST. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Kakali Chaki can be reached on (571) 272-3719. The fax phone number for 
the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Infomriation Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

PN Kakali Chaki 

10/11/06 Supervisory Patent Examiner 
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